Introduction
Saffron (Crocus sativus L.), a bulbous perennial plant, is a sterile geophyte with underground fleshy corms (Fig. 1a) . It is an important spice crop grown in Kashmir in the Indian sub continent. 1 One of the key centers of production, the plateaus of Pampore in the Indian Kashmir, has been cultivating saffron since 750 AD. Stigma are typically hand-picked from purple flowers in autumn, and so its production is typically favored in countries where labor is cheap such as Iran and Azerbaijan, but production also takes place in countries such as Greece, Spain, Argentina or the USA with global production exceeding 200 tons and newer areas being brought under its cultivation like new booming centers of China and Japan. Typically only four to five cormlets per mother corm per season are produced in saffron fields through natural breeding. Such low multiplication rates of cormlets compounded with problems of fungal infestation in fields restrain the availability of adequate planting material and hence drastically reduce productivity of saffron. 2 A corm survives for only one season, reproducing via division into cormlets that eventually give rise to new A complete protocol for the saffron cormlet production under in vitro conditions and subsequent flowering under greenhouse conditions is described. highest number of cormlets (70.0 ± 0.30) per corm slice (explant) could be regenerated on Murashige and skoog (Ms) half strength medium supplemented with thidiazuron (TDZ) (20 μM), Indole acetic acid (IAA) (10 μM), and sucrose (40 g/l). Maximum germination (90%) of these cormlets could be achieved on Ms medium containing 6-benzyl amino purine (BAp) (20 μM) and α-naphthalene acetic acid (NAA) (15 μM). In order to increase the size of the in vitro raised cormlets, these were cultured on Ms medium containing TDZ (15 μM) and IAA in the range of 1.5-30 μM. Maximum increase in cormlet size could be attained on TDZ (15 μM) + IAA (12.5 μM) + sucrose (30 g/l), and the average size of cormlets was 2.5g. In another experiment, apical vegetative buds of actively growing corms were cultured for cormlet development, and corms of size 2.5g could be developed on Ms medium with NAA (15 μM), BAp (20 μM), and sucrose (30 g/l). The in vitro developed cormlets were dried under shade at 25 ± 2°C for 7 d. These were then planted in small cups containing clay loam soil and kept in green house at 20 ± 2°C. In vitro developed cormlets with mean weight 2.5 g showed maximum flowering (25%) as well as vegetative growth (55%), while only 19% cormlets of 2.0 g flowered. To our knowledge this is the first report on successful flowering from in vitro raised cormlets under greenhouse.
In vitro cormlet production of saffron (Crocus sativus L. Kashmirianus) and their flowering response under greenhouse plants, and therefore corms are indispensable for saffron propagation 3 (Fig. 1B) . Stigmas of saffron flower constitute the commercial product "saffron" (Fig. 1c) , which are used all over the world to treat diseases like respiratory infections (coughs and common colds), scarlet fever, smallpox, cancer, hypoxia, asthma, blood disorders, insomnia, paralysis, heart diseases, flatulence, stomach upsets and disorders, gout, chronic uterine hemorrhage, dysmorrhea, amenorrhea, baby colic and eye disorders. Saffron is an aphrodisiac, a digestive stimulant and a tonic for dysentery and measles. 4 Sterility in saffron limits the application of conventional breeding approaches for its genetic improvement while plant tissue culture offers a great potential for its sustainable production. Work in the area of C. sativus tissue culture started in the early 1980s among which in vitro mass production of pathogen free cormlets offers a tremendous scope. 5, 6 Some recent reports on in vitro cormlet production, 7-9 plantlet regeneration 10 and somatic embryogenesis 11 are indicative of initiatives in this direction. However, these protocols for in vitro corm production shall be useful only when flowering could be induced from such corms. To make the technique commercially viable and cormlet production. The cormlets could be induced from corm slices on all treatments through the mode of non embryogenic callus. The highest number of cormlets (70 ± 0.33) were obtained on MS (1/2) medium supplemented with TDZ (20 μM) + IAA (10 μM) + sucrose (40 g/l) after 8 weeks (table 1 and Fig. 2a) . TDZ was found to be effective for induction and production of cormlets.
TDZ, a substituted phenyl urea is responsible for biosynthesis of cytokinins and preserves endogenous hormones in plant tissues. [12] [13] [14] It has been successfully used for multiplication of corms. 10, 11, 15 Also increasing the concentration of sucrose to 4% was found effective in corm multiplication. In the recent past, Sharma et al. 16 reported corm production at high concentration of sucrose (8%) and BAP (6 mg/dm 3 ). High concentration of sucrose, a carbon source, plays a vital role for cormlet production in saffron 16 because it results in increase in the osmotic pressure, inhibiting the vacuolation and shrinkage of cytoplasm and thereby increasing the amount of biomass accumulation. 2) . NAA and BAP are a suitable combination for supporting organogenesis in C. sativus 18 and shoot formation from corm buds. 19, 20 The importance of BAP on direct organogenesis of saffron has been stressed in earlier reports, too. 13 productive there is an immediate need for refinement in these protocols and testing the improved protocol for flower induction.
In the present study a complete protocol for cormlet production with the desirable size could be achieved, followed by induction of vegetative growth and flowering under greenhouse. We believe that this will pave a way for the increasing the cormlet production as well as commercial production of crocin, safranal and picrocrocin. use of sucrose at 3% for cormlets production. The highest numbers of cormlets obtained were of 1.5-2.0 g category with average percentage response of 70% after 8 weeks of culture period. However, on control there wasn't any increase in cormlet size.
Results and Discussion
increase in cormlet size. The in vitro raised cormlets subcultured on medium attained a maximum corm weight of 2.5 g or above on TDZ (15 μM) + IAA (12.5 μM) + sucrose 30 g/l with 60% percentage success (table 3 and Fig. 2e) . Recently, Devi et al. 21 reported the vegetative growth (55%) was noticed from the corms of mean weight 2.5 g while the corms of 2.0 g mean weight showed 40% vegetative growth and 19% flowering and the corms of mean weight 1.5 g exhibited only vegetative growth (25%) (table 5 and Figs. 2G-i). BAP/NAA was efficient in cormlet formation and subsequent increase in size as well as growth in green house condition. 7 Since corms naturally grow from late autumn to early winter and that low temperature is essential for vegetative growth and flowering, the temperature of green house was maintained at about 20°C. 22 In case of apical buds (obtained from actively growing field corms) cultured on medium containing BAP and NAA the maximum increase in size of cormlets was obtained on NAA (15 μM) + BAP (20 μM) + sucrose (30 g/l) after 8 weeks of culture period (table 4 and Fig. 2F) .
Growth of cormlets under green house conditions. The cormlets produced under in vitro were transplanted into small pots containing the clay loomy soil collected from traditional site of saffron cultivation (Pampore) and watered ocassionally to avoid possibility of water stress. The flowering (25%) and . The experiments were performed in completely randomized block design (CRD), repeated three times; each treatment had 10 replicates. There experimental sets were designed as below.
(1) The sterilized corms were cut with a sharp scalpel into slices and these were cultured on MS (1/2) medium with different concentrations of auxins and cytokinins. The different treatments used for cormlet induction/ production using corm slices as explants were designated as T0 = MS basal medium (control); T1 = TDZ (2.5 μM) + IAA (10 μM); T2 = TDZ (5 μM) + The main achievement of the present study is successful development of a complete protocol for in vitro cormlet development of saffron and their successful flowering under green house (Figs. 2i and 3 ).
Material and Methods
plant material. Corms of Crocus sativus L. Kashmirianus were collected from Pampore area of Kashmir, J&K, India and were thoroughly washed with detergent Extran (0.5%) and Tween-20 (surfactant) with tap water followed by rinsing with double distilled water. Subsequently these were surface disinfected with 70% ethanol for 1 min followed by 0.5% HgCl2 (w/v) for 6 min (3) The in vitro raised cormlets were categorized into three groups, with a minimum weight of 2.5 g, 2.0 g and 1.5 g. These cormlets were taken out from culture vials and after shade drying (7 d) in a well ventilated room with room temperature (25°C), were transplanted into small pots containing clay loomy soil. Misting of the cormlets was done as per the need until the germination of cormlets. These pots were kept under green house conditions for germination and flowering at a temperature 20 ± 3°C, humidity 60-70% and monitored regularly upto 6 weeks. statistical analysis. Results were reported as means ± SD. Significant differences for multiple comparisons were determined by one-way analysis of variance (ANOVA) followed by Duncan's/Tukey's test with (p ≤ 0.005) by SPSS statistical package (ver.17.0).
Conclusion
Saffron being an important crop of commercial significance is highly priced due to its limited production. Micropropagation of saffron holds promise only when we are able to induce production of flowers on a commercial scale. The present study describes a complete protocol for cormlet production with desirable size, In all above treatments, the concentration of IAA (10 μM) was kept unaltered.
(2) The in vitro regenerated cormlets were sub-cultured on MS half strength basal medium supplemented with different combinations of auxins and cytokinins (BAP/NAA, 2,4-D/Kn and TDZ/IAA) and percentage germination was recorded. Besides activated charcoal too was added in some.
The in vitro regenerated cormlets were also sub-cultured on MS medium augmented with TDZ (2.5-30 μM), IAA (10 μM) and 4% sucrose and were evaluated for increment in cormlet size. Besides, the apical vegetative buds from active corms (obtained from field) were also cultured on MS medium supplemented with varying concentration of BAP (5-30 μM) and different carbon sources (sucrose and edible sugar), in order to note the most effective combination for production of larger sized cormlets. The concentration of auxin (NAA 15 μM) was kept same in all these treatments. followed by vegetative growth and flowering under greenhouse. This will pave a way for increasing the cormlet producton as well as commercial production of saffron stigma and its bioactive components viz. crocin, safranal and picrocrocin.
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